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57 ABSTRACT 
The invention is concerned with the ultra-high temper 
ature treatment of liquids, such as milk, with a minimum 
of thermal damage. The present invention provides a 
method and apparatus for indirect ultra-high tempera 
ture treatment of a liquid in which the flow rate of a 
liquid through a holding tube (20) is capable of being 
varied and in which the holding temperature of the 
liquid is selected between the characteristic holding 
temperature for that liquid and a temperature above the 
said characteristic holding temperature by a tempera 
ture control means (28). 
The invention provides a method and apparatus for 
ultra-high temperature treatment which reduces the 
thermal damage to a product when variable plant 
throughputs are employed. 

8 Claims, 1 Drawing Figure 
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HIGH-TEMPERATURE TREATMENT OF 
LIQUIDS 

This invention is concerned with the ultra-high tem 
perature treatment of liquids, such as milk, with a mini 
mum of thermal damage. 
The microbiological degradation of foodstuffs may 

be prevented or reduced by two processes: chilling and 
freezing or thermal sterilization. Extended chilling and 
freezing are generally uneconomical and may be unsuc 
cessful with certain psychrophilic micro-organisms; for 
example, the milk colonizing Pseudomonas fragi. Ther 
mal sterilization, to an aseptic product, is therefore 
desirable. Unfortunately thermal sterilization can dam 
age heat-sensitive components and the constraints 
which this places on plant design, limit the throughput 
range. 
The aim of the present invention is to improve an 

“ultra-high-temperature' treatment (hereafter known 
as a UHT treatment) for the sterilization of liquids with 
a heat-sensitive component, such that the increases in 
thermal damage caused by operating the plant at re 
duced capacities are minimised. The method and appa 
ratus are applicable to a range of liquids, for example, 
milk, fruit juices, yeast and meat extracts, vegetable oils 
and chemical preparations. 
During UHT treatment two effects may be consid 

ered as occurring simultaneously; the sterilizing effect, 
and a thermochemical effect which results in the ther 
mal damage. Both effects are increased by an increase in 
the length of the “holding time', that being the period 
for which the liquid is maintained at the sterilizing or 
“holding' temperature. 
Two types of UHT treatment have been practised. 

Firstly there is a direct treatment, in which steam is 
injected directly into the liquid. Secondly, there is an 
indirect treatment in which some form of heat 
exchanger is used, to elevate the particular liquid being 
sterilized to a temperature hereafter referred to as the 
"characteristic holding temperature'. 

After UHT treatment it has been common practise to 
package the sterile productaseptically. The major prob 
lem with UHT treatment plants arises here: the aseptic 
filling machinery may require a different flow rate of 
sterile product for different package volumes. For ex 
ample, the aseptic filler may have the facility to fill pack 
sizes of 1 liter, 0.5 liter, and 0.25 liter. Under these cir 
cumstances the UHT plant will be required to operate 
with a range of throughputs. 
A previously known solution to the problem of ob 

taining a good product with a variable throughput, has 
been to run a UHT plant intermittently at full through 
put and use a sterile buffer tank, between the UHT plant 
and the aseptic filler. This is an expensive solution, 
adding complexity to plant cleaning operations. It has 
not been possible to reduce the flow rate through the 
UHT treatment plant without affecting the quality of 
the product. 
The assessment of the sterilising effect and thermal 

damage caused by a UHT process employs the systern 
parameters: At (overall thermal damage) and Fo (over 
all sterilising effect). For example, in a known plant, 
operating at a characteristic holding temperature of 
138 C., a turndown to one quarter of the throughput 
increases Fo from 8.3 to 34.3 (arbitary units) and in 
creases. At from 8860 to 36,020 (arbitary units). The 
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2 
effect of turndown is seen to be severe and may lead to 
an unsatisfactory product. 
According to the present invention there is provided 

a method of indirect ultra-high-temperature treatment 
of a liquid susceptible to thermal damage and having a 
variable flow rate, in which the liquid must be held at a 
holding temperature at or above a characteristic hold 
ing temperature for the liquid for a period of time, the 
improvement comprising; determining a temperature 
above the characteristic holding temperature for the 
liquid and varying the holding temperature of the liquid 
between the characteristic holding temperature and the 
temperature above the characteristic holding tempera 
ture for reducing the holding temperature of the liquid 
as the flow rate of the liquid falls. 

If the sterilising method employs a higher tempera 
ture than is conventional and a suitably shortened hold 
ing time, then, as the flow rate of the liquid falls the 
increased holding time may be compensated for by 
reducing the holding temperature. 
The increased thermal damage may therefore be 

minimised, whilst retaining a satisfactory sterilising 
effect. 
According to a second aspect of the invention there is 

provided an apparatus for the indirect ultra-high-tem 
perature treatment of a liquid suceptable to thermal 
damage and having a variable flow rate comprising 
means defining a flow path for the liquid, means defin 
ing a flow path for a service fluid which is in thermal 
contact with the liquid and means for regulation of the 
temperature of the service fluid, wherein the tempera 
ture of the liquid is held at or above a characteristic 
holding temperature for the liquid for a period of time, 
characterised in that the apparatus further includes 
means for varying the temperature of the liquid be 
tween the characteristic holding temperature for the 
liquid and a temperature above said characteristic hold 
ing temperature such that as the flow rate of the liquid 
falls the temperature of the liquid is reduced, thereby 
reducing the thermal damage incurred by the liquid. 

In a preferred embodiment the liquid is milk and the 
holding temperature is varied between 138 and 140 C. 
The invention will be further illustrated by example, 

with reference to the attached diagram in which; 
FIG. 1 is a representation of a part of a UHT treat 

ment milk sterilisation plant incorporating one embodi 
ment of the invention. 
Milk enters along line 1, at a temperature of 5 C., 

from milk reception or bulk milk storage and enters one 
set 2 of flow spaces of a first heat exchanger 2, 3. The 
temperature of the raw milk is raised to 74° C. by heat 
exchanged with the processed milk in the other set of 
flow spaces 3. This direct regeneration serves to con 
serve energy. 
The preheated raw milk leaves the heat exchanger 2, 

3, via outlet line 4 to a homogenizer 5. The homoge 
nizer provides the pressure required to drive the milk 
through the plant to the aseptic filling plane which 
follows, and may also act as a flow controller. 
From the homogenizer 5, the milk passes via line 6, to 

one set of flow spaces 7, of a regenerative heat ex 
changer 7, 8. The regenerative heat exchanger 7, 8 
raises the temperature of the milk to 122 C. The heat 
required for this rise in temperature is supplied by the 
regenerative fluid circulating through the other set of 
flow spaces 8. 
The regenerative circuit comprises the flow spaces 8, 

and return line 9, a cooler 10, a feed line 11, flow spaces 
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12 and a line 13. The purpose of the regenerative circuit 
is indirect transfer of heat from the sterilized milk to the 
pre-heated raw milk. The regenerative fluid at 78 C. 
leaves the cooler 10 along feed line 11 and enters the 
flow spaces 12 of the regenerative heat exchanger 12, 25 
where it removes a quantity of heat sufficient to raise its 
temperature to 120° C. The regenerative fluid then 
passes via line 13 to flow spaces 8 where the majority of 
this quantity of heat is transferred to the pre-heated raw 
milk in flow spaces 7. The temperature of the regenera 
tive fluid falls to 82 C. and it is returned along line 9 to 
the cooler 10, which prevents overheating. The incor 
poration of such a regenerator circuit, gives the UHT 
treatment a high thermal economy. 

Line 14 carries the heated milk to one set of flow 
spaces 15, of the high temperature heat exchanger 15, 
16. The high temperature heat exchanger 15, 16 heats 
the milk to a temperature of 140 C. At this temperature 
sterilization occurs rapidly, usually in 2 to 4 seconds. 
The service fluid circuit for the high temperature 

heat exchanger comprises the flow spaces 16 the lines 17 
and 18 and the heater 19, which also functions as a 
pump and flow controller. The service fluid at 142 C. 
leaves the heater 19 along the line 18 and passes through 
flow space 16 to emerge into line 17 at 124°C. returning 
to the heater. A temperature control means 28, is pro 
vided, to control the temperature of the service fluid in 
line 18. 
The ratio of the flow rates of the service fluid 

through the flow spaces 16 to that of the liquid in flow 
spaces 15 is maintained substantially at unity by a flow 
controller which may, for example, be incorporated 
into the heater 19. With a flow ratio of unity, the tem 
perature difference across the heat transfer surfaces will 
be constant throughout the high temperature section, 
and the temperature profile will be linear. A non-linear 
temperature profile results in increased thermal dam 
age. Furthermore, the rate of deposition of fouling ma 
terials is a function of the temperature difference; a 
non-linear profile is known to enhance deposition. 
The heated milk is carried by holding tube 20 at 140 

C. During the milk's passage through the holding tube 
sterilization and thermal degradation both continue. 
The characteristic holding temperature, for milk is 138 
C. and the holding time 4 sec. In the exemplary method 
following the teaching of the present invention, a hold 
ing temperature of 140 C. is employed for a holding 
time of 2 sec, when the plant is functioning at maximum 
throughput. 
From the holding tube 20 the milk passes to one set of 

flow spaces 25, of the regenerative heat exchanger 12, 
25 where the temperature is lowered to 88 C., a quan 
tity of heat being removed by the regenerative fluid 
circulating through flow spaces 12. 
The line 26 carries the milk from the second regener 

ative heat exchanger 12, 25 to one set of flow spaces 3 
of the heat exchanger 2, 3. The temperature of the pro 
cessed milk falls to 19 C. during its passage of flow 
spaces 3 as heat is exchanged with the cold milk in the 
other set of flow spaces 2. 
The line 27 carries the processed milk to an aseptic 

packing plant. 
In milk thermal damage can occur at temperature 

above 80 C., with partial dephosphorylation of casein 
and denaturation of serum proteins. The dephosphory 
lation of caseins leads to the disruption of micells, while 
the denaturation of serum proteins, such as lactoglobu 
lin, can release votile sulphur compounds such as hy 
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4. 
drogen sulphide and certain mercaptains. Both these 
effects will taint the flavour of the milk. However, the 
UHT treatment temperatures the milk must remain 
above a temperature of 135 C. for at least two seconds 
if they are to destroy heat resistance bacterial spores, 
thermoduric bacteria, thermoduric moulds and other 
resistant organisms such as the leptospira. If the temper 
ature time profile for the UHT treatment process is 
known, then the sterilizing effect and the thermal dam 
age may be calculated, it should be noted that the regen 
erative section contributes to these factors. The choice 
of time/temperature combination is a compromise for a 
given plant operating at its design capacity. 
A typical turndown ratio for a plant may be 4 to 1. 

This would reduce the quality of the product considera 
bly, as the flow rate would mean a longer effective 
residence time in the holding tube and accompanying 
thermal damage. 

In this embodiment turndown is accompanied by a 
reduction in the temperature of the service fluid in line 
18, under the control of temperature control means 28. 
This reduces the amount of heat transferred from flow 
space 16 to flow space 15 and reduces the temperature 
of the milk in the holding tube 20. The temperature of 
the milk in the holding tube is reduced from 140 C. to 
138 C. for the typical turndown ratio of 4 to 1. The 
reduction in temperature thus compensates or the in 
crease in holding time which occurs with the lower 
flow rate. 

Monitoring of the system may be accomplished by 
sensors (not shown) and by a microprocessor control 
system (not shown), acting through the control means 
28. 

Although this example is illustrated by reference to a 
UHT treatment plant for milk, the invention may also 
be applied in other cases where the thermal sterilization 
of thermo-degradable fluid is desired. 

For example, the characteristic holding temperature 
for a fruit juice with acidity below pH 4.6 is 90° C. for 
a holding time of 30 seconds. As a further example, the 
characteristic holding temperature for fruit juice of 
medium acidity, such as tomato juice, would be 120° C. 
for 45 seconds. 
The temperature above the characteristic holding 

temperature at which the plant operates with a full 
throughput is determined by parameters of the plant 
such as the flow space cross-section and other particular 
constructional details. The length of the holding tube is 
determined in a similar manner. 

I claim: 
1. In a method of indirect ultrahigh temperature treat 

ment of a liquid susceptible to thermal damage and 
having a variable flow rate, in which the liquid must be 
held at a holding temperature at or above a first holding 
temperature for a first period of time by which suffi 
cient overall sterilizing effect is obtained with minimal 
overall thermal damage while flowing at a first flow 
rate, the improvement comprising determining a higher, 
second temperature above the first holding temperature 
and a corresponding higher, second flow rate for the 
liquid to hold the liquid at that higher temperature for a 
lesser second period of time to provide sufficient overall 
sterilizing effect with minimal overall thermal damage, 
varying the flow rate of the liquid between the first flow 
rate and the second flow rate, and varying the holding 
temperature of the liquid between the first holding tem 
perature and the second temperature by means of a 
heating fluid in indirect counterflow heat exchange 
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relationship with the treated liquid while the flow rate 
of the liquid is varied between the first flow rate and the 
Second flow rate to maintain sufficient overall steriliz 
ing effect with minimal overall thermal damage while 
varying throughput of the liquid. 

2. A method as claimed in claim 1, in which the liquid 
is milk. 

3. A method as claimed in claim 2, in which the first 
holding temperature is 138 C. and in which the upper 
limit of the holding temperature is 140 C. 

4. A method as claimed in claim 1, in which the liquid 
is a fruit juice of pH less than 4.6. 

5. A method as claimed in claim 4 in which the first 
holding temperature is 90° C. 

6. A method as claimed in claim 1, in which the liquid 
is a fruit juice. 

7. A method as claimed in claim 6, in which the first 
holding temperature is 120° C. 

8. In a method of indirect ultrahigh temperature treat 
ment of a liquid susceptible to thermal damage and 
having a variable flow rate, in which the liquid must be 
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6 
held at a holding temperature at or above a first holding 
temperature for a first period of time by which suffi 
cient overall sterilizing effect is obtained with minimal 
overall thermal damage while flowing at a first flow 
rate, the improvement comprising determining a higher, 
second temperature above the first holding temperature 
and a corresponding higher, second flow rate for the 
liquid to hold the liquid at that higher temperature for a 
lesser second period of time to provide sufficient overall 
sterilizing effect with minimal overall thermal damage, 
varying the flow rate of the liquid between the first flow 
rate and the second flow rate, and varying the tempera 
ture and flow rate of a heating fluid, in indirect counter 
flow heat exchange relationship with the treated liquid, 
to vary the holding temperature of the liquid between 
the first holding temperature and the second tempera 
ture while the flow rate of the liquid is varied between 
the first flow rate and the second flow rate to maintain 
sufficient overall sterilizing effect with minimal overall 
thermal damage while varying throughput of the liquid. 
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